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Study/Experimental/Research Design: Much More

Than Statistics

Kenneth L. Knight, PhD, ATC, FNATA,
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Context: The purpose of study, experimental, or research
design in scientific manuscripts has changed significantly over
the years. It has evolved from an explanation of the design of
the experiment (ie, data gathering or acquisition) to an
explanation of the statistical analysis. This practice makes
“Methods” sections hard to read and understand.

Objective: To clarify the difference between study design
and statistical analysis, to show the advantages of a properly
written study design on article comprehension, and to encour-
age authors to correctly describe study designs.

Description: The role of study design is explored from the
introduction of the concept by Fisher through modern-day
scientists and the AMA Manual of Style. At one time, when

FACSM

experiments were simpler, the study design and statistical
design were identical or very similar. With the complex research
that is common today, which often includes manipulating
variables to create new variables and the multiple (and different)
analyses of a single data set, data collection is very different
than statistical design. Thus, both a study design and a
statistical design are necessary.

Advantages: Scientific manuscripts will be much easier to
read and comprehend. A proper experimental design serves as
a road map to the study methods, helping readers to understand
more clearly how the data were obtained and, therefore,
assisting them in properly analyzing the results.
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bone of good research. It directs the experiment by

orchestrating data collection, defines the statistical
analysis of the resultant data, and guides the interpretation
of the results. When properly described in the written
report of the experiment, it serves as a road map to
readers,! helping them negotiate the “Methods” section,
and, thus, it improves the clarity of communication
between authors and readers.

A growing trend is to equate study design with only the
statistical analysis of the data. The design statement
typically is placed at the end of the “Methods™ section as
a subsection called “Experimental Design’ or as part of a
subsection called “Data Analysis.” This placement, howev-
er, equates experimental design and statistical analysis,
minimizing the effect of experimental design on the planning
and reporting of an experiment. This linkage is inappropri-
ate, because some of the elements of the study design that
should be described at the beginning of the “Methods”
section are instead placed in the ‘Statistical Analysis”
section or, worse, are absent from the manuscript entirely.

Have you ever interrupted your reading of the “Meth-
ods” to sketch out the variables in the margins of the paper
as you attempt to understand how they all fit together? Or
have you jumped back and forth from the early paragraphs
of the “Methods” section to the ““Statistics’ section to try
to understand which variables were collected and when?
These efforts would be unnecessary if a road map at the
beginning of the “Methods™ section outlined how the
independent variables were related, which dependent
variables were measured, and when they were measured.
When they were measured is especially important if the
variables used in the statistical analysis were a subset of the
measured variables or were computed from measured
variables (such as change scores).

Study, experimental, or research design is the back-

The purpose of this Communications article is to clarify
the purpose and placement of study design elements in an
experimental manuscript. Adopting these ideas may improve
your science and surely will enhance the communication of
that science. These ideas will make experimental manuscripts
easier to read and understand and, therefore, will allow them
to become part of readers’ clinical decision making.

WHAT IS A STUDY (OR EXPERIMENTAL OR
RESEARCH) DESIGN?

The terms study design, experimental design, and research
design are often thought to be synonymous and are
sometimes used interchangeably in a single paper. Avoid
doing so. Use the term that is preferred by the style manual
of the journal for which you are writing. Study design is the
preferred term in the AMA Manual of Style,2 so 1 will use it
here.

A study design is the architecture of an experimental study3
and a description of how the study was conducted,4 including
all elements of how the data were obtained.> The study design
should be the first subsection of the “Methods” section in an
experimental manuscript (see the Table). “Statistical Design”
or, preferably, “Statistical Analysis” or “Data Analysis”
should be the last subsection of the “Methods” section.

The “Study Design” subsection describes how the variables
and participants interacted. It begins with a general statement
of how the study was conducted (eg, crossover trials, parallel,
or observational study).2 The second element, which usually
begins with the second sentence, details the number of
independent variables or factors, the levels of each variable,
and their names. A shorthand way of doing so is with a
statement such as “A 2 X 4 X 8§ factorial guided data
collection.” This tells us that there were 3 independent
variables (factors), with 2 levels of the first factor, 4 levels of
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Table. Elements of a “Methods” Section

Study design (1 or more statements, depending on the study)

Design type (eg, crossover)

Factor and design statement outlining how data were collected (eg, 2
X 4)

Independent variables and levels of each (using specific names)

Dependent variables

Participants (number and inclusion/exclusion criteria)

Ethics statement (human participants or animal use approval)

Equipment, materials, protocols for training, testing, measurement, etc;
these vary in name and inclusion among experiments but form the
bulk of the “Methods” section

Data or statistical analysis

Manipulation of collected data, such as creating new variables by
combining or computing the difference between collected
variables; selection of subsets of the collected data; or normalizing
some or all of the collected data

Statistical design, such as analysis of variance, paired t tests, etc,
including independent variables and their levels and dependent
variables

Computer program used to compute statistics, with release version
and reference, and the specific procedures used

the second factor, and 8 levels of the third factor. Following is
a sentence that names the levels of each factor: for example,
“The independent variables were sex (male or female),
training program (eg, walking, running, weight lifting, or
plyometrics), and time (2, 4, 6, 8, 10, 15, 20, or 30 weeks).”
Such an approach clearly outlines for readers how the various
procedures fit into the overall structure and, therefore,
enhances their understanding of how the data were collected.
Thus, the design statement is a road map of the methods.

The dependent (or measurement or outcome) variables
are then named. Details of how they were measured are not
given at this point in the manuscript but are explained later
in the “Instruments” and ‘“Procedures” subsections.

Next is a paragraph detailing who the participants were
and how they were selected, placed into groups, and assigned
to a particular treatment order, if the experiment was a
repeated-measures design. And although not a part of the
design per se, a statement about obtaining written informed
consent from participants and institutional review board
approval is usually included in this subsection.

The nuts and bolts of the “Methods” section follow,
including such things as equipment, materials, protocols,
etc. These are beyond the scope of this commentary,
however, and so will not be discussed.

The last part of the “Methods” section and last part of the
“Study Design” section is the “Data Analysis” subsection. It
begins with an explanation of any data manipulation, such as
how data were combined or how new variables (eg, ratios or
differences between collected variables) were calculated.
Next, readers are told of the statistical measures used to
analyze the data, such as a mixed 2 X 4 X 8 analysis of
variance (ANOVA) with 2 between-groups factors (sex and
training program) and 1 within-groups factor (time of
measurement). Researchers should state and reference the
statistical package and procedure(s) within the package used
to compute the statistics. (Various statistical packages
perform analyses slightly differently, so it is important to
know the package and specific procedure used.) This detail
allows readers to judge the appropriateness of the statistical
measures and the conclusions drawn from the data.

STATISTICAL DESIGN VERSUS
STATISTICAL ANALYSIS

Avoid using the term statistical design. Statistical
methods are only part of the overall design. The term
gives too much emphasis to the statistics, which are
important, but only one of many tools used in interpreting
data and only part of the study design:

The most important issues in biostatistics are not
expressed with statistical procedures. The issues are
inherently scientific, rather than purely statistical, and
relate to the architectural design of the research, not the
numbers with which the data are cited and interpreted.6

Stated another way, “The justification for the analysis lies
not in the data collected but in the manner in which the data
were collected.”3 “Without the solid foundation of a good
design, the edifice of statistical analysis is unsafe.”7(Pp4-5)

The intertwining of study design and statistical analysis
may have been caused (unintentionally) by R.A. Fisher,
“... a genius who almost single-handedly created the
foundations for modern statistical science.”’8 Most research
did not involve statistics until Fisher invented the concepts
and procedures of ANOVA (in 1921)%:10 and experimental
design (in 1935).11 His books became standard references
for scientists in many disciplines. As a result, many
ANOVA books were titled Experimental Design (see, for
example, Edwards!2), and ANOVA courses taught in
psychology and education departments included the words
experimental design in their course titles.

Before the widespread use of computers to analyze data,
designs were much simpler, and often there was little
difference between study design and statistical analysis. So
combining the 2 elements did not cause serious problems.
This is no longer true, however, for 3 reasons: (1) Research
studies are becoming more complex, with multiple inde-
pendent and dependent variables. The procedures sections
of these complex studies can be difficult to understand if
your only reference point is the statistical analysis and
design. (2) Dependent variables are frequently measured at
different times. (3) How the data were collected is often not
directly correlated with the statistical design.

For example, assume the goal is to determine the
strength gain in novice and experienced athletes as a result
of 3 strength training programs. Rate of change in strength
is not a measurable variable; rather, it is calculated from
strength measurements taken at various time intervals
during the training. So the study design would be a 2 X 2 X
3 factorial with independent variables of time (pretest or
posttest), experience (novice or advanced), and training
(isokinetic, isotonic, or isometric) and a dependent variable
of strength. The statistical design, however, would be a 2 X
3 factorial with independent variables of experience (novice
or advanced) and training (isokinetic, isotonic, or isomet-
ric) and a dependent variable of strength gain. Note that
data were collected according to a 3-factor design but were
analyzed according to a 2-factor design and that the
dependent variables were different. So a single design
statement, usually a statistical design statement, would not
communicate which data were collected or how. Readers
would be left to figure out on their own how the data were
collected.
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MULTIVARIATE RESEARCH AND THE NEED FOR
STUDY DESIGNS

With the advent of electronic data gathering and
computerized data handling and analysis, research projects
have increased in complexity. Many projects involve
multiple dependent variables measured at different times,
and, therefore, multiple design statements may be needed
for both data collection and statistical analysis. Consider,
for example, a study of the effects of heat and cold on neural
inhibition. The variables of H,,,, and M,,,, are measured 3
times each: before, immediately after, and 30 minutes after
a 20-minute treatment with heat or cold. Muscle temper-
ature might be measured each minute before, during, and
after the treatment. Although the minute-by-minute data
are important for graphing temperature fluctuations during
the procedure, only 3 temperatures (time 0, time 20, and
time 50) are used for statistical analysis. A single dependent
variable H,.x:Mpax ratio is computed to illustrate neural
inhibition. Again, a single statistical design statement would
tell little about how the data were obtained. And in this
example, separate design statements would be needed for
temperature measurement and Hy,,x:Mp,.x measurements.

As stated earlier, drawing conclusions from the data
depends more on how the data were measured than on how
they were analyzed.3.6.7.13 So a single study design
statement (or multiple such statements) at the beginning
of the “Methods” section acts as a road map to the study
and, thus, increases scientists’ and readers’ comprehension
of how the experiment was conducted (ic, how the data
were collected). Appropriate study design statements also
increase the accuracy of conclusions drawn from the study.

CONCLUSIONS

The goal of scientific writing, or any writing, for that
matter, is to communicate information. Including 2 design
statements or subsections in scientific papers—one to explain
how the data were collected and another to explain how they
were statistically analyzed—will improve the clarity of
communication and bring praise from readers. To summarize:

1. Purge from your thoughts and vocabulary the idea
that experimental design and statistical design are
synonymous.

2. Study or experimental design plays a much broader
role than simply defining and directing the statistical
analysis of an experiment.

3. A properly written study design serves as a road map
to the “Methods™ section of an experiment and,
therefore, improves communication with the reader.

4.  Study design should include a description of the type
of design used, each factor (and each level) involved in

the experiment, and the time at which each measure-
ment was made.

5. Clarify when the variables involved in data collection
and data analysis are different, such as when data
analysis involves only a subset of a collected variable
or a resultant variable from the mathematical manip-
ulation of 2 or more collected variables.
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